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(54) Haptic computer Input/output device, eg data glove 

(57) Data glove 1 0 finger and thumb extensions 1 0A and 1 0B of the data glove have spaced ring formations 13, 14 formed 
with an inwardly-opening blind bore 21 spanned in gas-tight manner by a membrane 23 and conduits 20 within the ring 
formations selectively apply pressurised air to or relieve it from the bores 21 under the control of a valve assembly 34 in turn 
controlled by a computer 30. The computer generates images perceived on a visual system 32 by a wearer of the glove. 
Data concerning the spatial position and flexing of the glove 10 Is transmitted via line 31 to the computer, which additionally 
generates a cursor on the visual system 32. When this interacts with other virtual objects to simulate a "touch" the 
appropriate bore 21 is inflated via valve assembly 34 to apply a tactile stimulus to the wearer of the glove. 
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1 . 

"HAPTIC COMPUTER OUTPUT DEVICE" 

This invention relates to a haptic caiputer output device and more 
spec±Eically to hmnan/caipiter interface equipment which, when mounted on 
or adjacent a part of the human body, will apply tactile stimuli to the 
body under the control of the caiputer. 

Recent years have seen the development of "virtual reality". The 
user of the system is presented with ccnputer^generated images which 
change in response to changes in the notional relative positions of the 
viewer and the virtual object so that the viewer has the sense of 
occupying a fully three-dimensional, artificial world. Virtual reality 
is described in United Kingdom Patent Specification Serial No. 2 201 069A 
and reference is made thereto for a fuller understanding of the present 
invention. 

It is desirable that the viewer of virtual objects should be able to 
"interact" with them, such as by "picking them up" and "moving them 
about". For this it is desirable that one of the objects viewed is a 
cursor representing e.g. the hand of the viewer. By moving his real 
hand he causes corresponding movements of the cursor, and when this 
occupies the same apparent space as another virtual object the caiputer 
must react appropriately. If the object "contacted" is notional! y 

movable the cccputer must show it moving; if notionally imnovable the 
movement of the cursor must be arrested, all to preserve the simulation of 
reality. 

A deficiency in the realism currently experienced when interacting in 
this way with virtual objects is that the viewer experiences no tactile 
sensations when the cursor representing his hand "touches" an object. 
This lack of one of the normal sensory experiences detracts from the 
illusion. If the experience of virtual reality is solely visual, or 
visual and auditory, the lack of the corresponding sensation of touch will 
remind the viewer that he is inhabiting an artificial world, enabling him 
to preserve some of the detachnent of a film or television audience and 
the experience will be less than the completely absorbing one which 
virtual reality has the potential to provide. 



A princi p al object of the present invention is to redress this 
deficiency of previous virtual reality proposals. 

In accordance with one aspect of the present invention there is 
provided a haptic ccnputer output device ccnprising an exoskeleton msnber 
having digital extensions ccuprising ring formations adapted to encircle 
human appendages, at least sane of said ring formations comprising a 
respective cavity located an the ring formation to open inwardly thereof, 
a membrane of a more resiliently deformable material than that of the 
exoskeleton msnber spanning the opening of the cavity in a gas-tight 
manner, and conduit means cxnnuriicating with each said cavity whereby 
pressurised gas may be selectively introduced into the cavities to cause 
defoniation of the respective membranes outwardly of the associated 
cavities and inwardly of the associated ring fornations such that in use 
of the device the menfaranes nay be caused selectively to apply tactile 
stimuli to human appendages inserted through the ring formations. 

^he device may be in the form of a data glove and the exoskeleton 
menber may be adapted to be located on the back of a human hand with said 
digital extensions passing along the backs of the fingers or the fingers 
and thunb of said hand, said exoskeleton menber being of a flexible 
material and said ring f aerations being adapted to retain the extensions 
in contact with the fingers or fingers and thunb during flexing iroverosnts 
of the latter. 

Said cavities are preferably located on the ring formations at 
positions spaced angularly therearound from the associated extension. 

Each said cavity is preferably a blind bore formed in the thickness 
of the exoskeleton member. 

Said conduit means may be controlled by valve means which is in turn 
controlled by a computer which generates images perceived by the user of 
the device, and the ccnputer may be ariapt-od to apply tactile stimuli to 
the user in accordance with haptic incidents as perceived by the user. 

In accordance with another aspect of the present invention there is 
provided a h a pt i c ccnputer output device comprising a msnber adapted to be 



positioned with one face thereof opposed to the body of a user of the 
ccnputer, said member having in the thickness thereof a blind bore opening 
to said face, the opening of said blind bore being spanned by a membrane 
of a material more resiliently def amiable than the material of said 
menber, said membrane being generally flat in the unstressed condition 
thereof, conduit means in said member opening to said bore and valve means 
controlled by the ccnputer whereby gas under pressure may be introduced 
into or relieved from said bore thereby to control tactile sensations 
which will be applied to said user's body by the membrane when deformed 
by excess gas pressure in said bore. 

Preferably a plurality of similar blind bores, each spanned by a 
respective membrane, are provided in respective formations of said member 
located thereon in mutually spaced relation and adapted to encircle 
different areas of the user's body, conduit means ccnmu n ica t i n g with each 
said bore and the valve means being adapted selectively to admit 
pressurised gas to or to relieve pressurised gas from the individual bores 
under the control of the ccnputer thereby to apply different stinuli to 
different areas of the user's body. 

The member may be adapted to fit over the back of a hand of the user 
and may have finger portions to extend along the backs of the fingers or 
the fingers and thunb of said hand, at least two of said formations being 
provided in spaced relation on each said finger portion. 

Each said formation may be in the form of a hoop ccnprising an inner 
U-shaped ocnponent nested in an outer U-shaped component, the outer U- 
shaped ccnponent being integral at the distal ends of its arms with said 
member and the inner ccnponent having an aperture in the web portion 
thereof which cooperates with the outer component to provide said blind 
bore of said formation, the inner ccnponent being undercut around the 
periphery of the aperture to provide an annular rebate in which the 
periphery of the membrane is seated and adhesively bonded to the inner 
ccnponent. 

The inner ccnponent is preferably additionally formed with a channel 
which, in the assembled condition of the two ccnponents, provides a 
conduit through the formation opening at one end to the aperture between 



the menbrane and the outer component, said conduit serving to admit 
pressurised gas to or to relieve pressurised gas fran the associated bore. 

The device preferably additionally caiprises means to output to the 
carpiter signals relating to the spatial position and/or shape of the 
device and the ccnputer controls a display whereby said user perceives 
images generated by the ccnputer including a cursor image raixesponding to 
said device, the device being controlled by the ccnputer so as to apply to 
the user's body tactile stiauli which correspond with the perceived 
interaction between said cursor image and other of said images. 

The menber is preferably locally at least twice as thick as the or 
each menbrane at the bottcm of and around the or each blind bore. 

The menber may be of a high-tear flexible polyurethane and the or 
each said menbrane may be a disc of necprene adhesively bonded at its 
periphery to the material of the msnber in the region of the opening of 
the associated blind bore. 

Preferably control by the ccnputer of the valve means is such that 
pressure within the or each blind bore is proportional to notional 
contact forces, so that the wearer experiences a pressure proportional to 
the forces which would be experienced if the "contact" were real. In 
other wards pressure within the bore will be higher if an "irmovable 
object" is "struck", or a "heavy object" is "picked up", than if "contact" 
is made with a "light" object. 

An enbodiment of the present invention will new be described by way 
of non-liinitative exanple with reference to the accompanying drawings, in 
which: 

Figure 1 illustrates a data glove in association with the other 
components of a virtual reality system, 

Figure 2 is a raras-sectional view taken on the line II-II of Figure 
1, and 

Figure 3 is an exploded view of the assembly of Figure 2. 

She human/cenputer interface exoskeleton menber or data glove 10 
illustrated in Figure 1 is adapted to be worn on the back of the hand and 



wrist by the provision of self-attaching bands 11A,11B. The main 
ccnponents of the member are of thick, transversely ribbed high-tear- 
strength polyurethane so that the member can bend to follow flexing 
movements of the wrist and fingers. The "glove" 10 has four finger 
extensions 1QA and a thumb extension 10B which will pass along the backs 
of the fingers and thumb* To ensure that the elongated finger and thumb 
extensions 10A and 10B of the glove follow flexing movements of the 
fingers and thumb of the wearer each has a hoop or ring formation 14 near 
its tip. Additional, similar formations 13 are provided in spaced 
relation to the rings 14 intermediate the ends of the finger and thumb 
portions 1QA, 10B. 

Illustrated at 15 is a sheath through which flexible cables, ducts 
and any other necessary facilities may pass to manifolds 16A, 16B an 
the backs of the wrist and hand portions of the glove 10. Each of the 
fingers and the thumb has means (not sham) for generating a signal 
proportional to the flexing movement of that part of the glove relative to 
other parts, for example strain gages which generate electrical signals 
proportional to a tension loading. Means (not shewn) is additionally 
provided for generating signals according to the position of the member 10 
in space. These position and flexure monitoring means do not form part 
of the present invention and so will not be further described, except to 
say that in use of the data glove 10 the appropriate signals pass to a 
carputer 30 via line 31. The corputer generates a cursor viewed on a 
visual display system 32 by the wearer in such a way that the cursor 
undergoes changes corresponding with movement and flexure of the hand. 
The cenputer 30 also generates virtual objects viewed on the visual 
display system 32 and monitors interaction between them and the cursor 
caused by movement and flexing of the real hand wearing glove 10. The 
visual display system 32 may be a visual display unit of any known, 
conventional kind or may be an optical system employing liquid crystal 
VEUs individual to the eyes of the user of the kind described in the 
aforementioned U.K. Patent Specification No. 2 201 069A. 

As shown more clearly in Figures 2 and 3 each ring 13 and 14 
comprises U-shaped inner 17 and outer 18 parts of which the inner is 
integral at the distal ends of its limbs with the associated finger or 
thumb portion 10A or 10B of the glove and so forms therewith a ring 



structure which will surround the thunb or finger, causing the finger or 
thunb portion of the glove to conform to its flexing movements. The 
web of the inner part 17 is famed with an aperture 19 and one of its 
1 infos with a channel or groove 20 cccminicating at one end with the 
aperture. When the inner part 17 is nested in the outer part 18 as 
shewn in Figure 2 the groove 20 forms a conduit or passageway and the 
aperture 19 the opening of a blind bore 21 in the assembly. Around the 
aperture 19 the inner part 17 is undercut at 22 to provide a seat for the 
periphery of a membrane 23 of neoprene which spans the aperture 19. 
This membrane 23 is very much more elastically deforroable than the 
material of the remainder of the glove. Locally the polyurethane of the 
hoop 13 or 14 is at least twice as thick as the nemhrane 23 at the bottom 
of and around the blind bore. The periphery of the menbrane 23 is fixed 
in a gas tight manner to the inner part 17 and the menbrane is of a 
sufficiently resilient material to deform in response to the presence of a 
super-atnospheric pressure in the cavity 21. The menbrane 23 is shown in 
its unstressed condition in full lines in Figure 2 and in a deformed or 
expanded condition in dotted lines. Due to its lesser thickness and 
greater def ormability it will be the membrane and not the parts 17 and 18 
which will respond to excess pressure in the cavity 21 by deforming, 
The bore 21 thus provides a substantially solid, non-deformable housing 
and the combined parts 17 and 18 ensure that substantially all reaction 
forces are vectored and act upon the membrane 23 to deform it inwardly of 
the ring 13 or 14. 

Running longitudinally of each finger 12 and thunb part 13 of the 
glove is an enclosed passage 25 in which the facility (not shown) - e.g. 
a strain gage - for nonitoring flexure of that part of the hand is 
located. Parallel with the duct 25 are further ducts 24 and 26 for 
pressurised air. A union 27 joins the duct 26 to the passageway 20. 
The duct 24 bypasses the ring 13 shown in Figure 2 and conveys pressurised 
air to the blind bore of the finger-tip ring 14 of the sane finger portion 
10 of the glove. At the top of the ring its inner side is covered by a 
foam pad 28 which promotes wearer comfort and also serves to cover the 
channels in the finger or thunb part in which the air ducts 24 and 26 are 
located. 



In use of the glove 10 shown the air ducts 24 and 26 are each 
connected through the sheath 15 and via two-way air lines 36 with a source 
33 of air under pressure controlled by a valve assembly 34 which is in 
turn under the control of the ccnputer 30. A suitable valve assembly 34 
is the 12 valve EV/ET Elertrical/Pneunatic Interface Card available from 
Clippard Instrument Laboratory, Inc. of D.S.A. When the ccnputer 30 
determines that a particular finger or the thunb of the wearer of the 
glove has "touched" a virtual object as viewed on the visual system 32 it 
opens the appropriate valve of assembly 34 so that the bore 21 of the 
expropriate hoop or hoops 13/14 is inflated. This causes the associated 
msnbrane(s) 23 to deform into contact with the wearer's finger or thunb 
to provide a tactile stimulus corresponding to the "touch", and the 
pressure of the menbrane 23 on the human body may be stronger or weaker 
depending on the nature of the "touch" determined by the ccnputer 30. 
In the absence of a "touch" condition determined by ccnputer 30 air is 
allowed to escape to anbience fron the appropriate blind bores 21 through 
an exhaust line 35 controlled by the valve assembly 34. 

It will be evident that only those bores 21 will be inflated and 
menbranes 23 deformed which correspond with the determined "contact". 
Thus if only part of the viewed representation of the hand meets a virtual 
object only the corresponding part of the real hand will experience 
pressure. Realism will of course be enhanced by multiplying the bores 
21 throughout the glove 10 and by making the pressure within each 
proportional to the notional load on the associated part of the hand. 

Haptic devices according to the present invention may of course be 
adapted to be worn on parts of the human body other than a hand. If 
the spatial position of the whole body and flexing movements of the liirbs 
and feet are also monitored by the ccnputer 30 the devices may be provided 
on exoskeletal apparel worn on any part of the body. 
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CLAIMS: 

1. A haptic ccnpiter output device cccprising an exoskeleton menber 
having digital extensions ccnprising ring formations ^gpt^<i to encircle 
human appendages, at least sane of said ring formations ccnprising a 
respective cavity located on the ring formation to open inwardly thereof f 
a membrane of a more resiliently deformable material than that of the 
exoskeleton member spanning the opening of the cavity in a gas-tight 
manner r and conduit means oamunicating with each said cavity whereby 
pressurised gas may be selectively introduced into the cavities to cause 
deformation of the respective membranes outwardly of the associated 
cavities and inwardly of the associated ring fooations such that in use 
of the device the menbranes may be caused selectively to apply tactile 
stimuli to human appendages inserted through the ring formations. 

2. A device as claimed in claim 1 in the form of a data glove and 
wherein the exoskeleton menber is adapted to be located on the back of a 
human hand with said digital extensions passing along the backs of the 
fingers or the fingers and thumb of said hand, exoskeleton menber 
being of a flexible material and said ring formations being adapts to 
retain the extensions in contact with the fingers or fingers and thumb 
during flexing movements of the latter. 

3. A device as claimed in claim 2, wherein said cavities are located on 
the ring formations at positions spaced angularly therearound frcm the 
associated extension. 

4. A device as claimed in any one of the preceding claims, wherein each 
said cavity is a blind bore formed in the thickness of the exoskeleton 
menber. 

5. A device as claimed in any one of the preceding claims, wherein said 
conduit means is controlled by valve means which is in turn controlled by 
a computer which generates images perceived by the user of the device, aixl 
wherein the caipiter is ada pt ed to apply tactile stimuli to the user in 
accordance with haptic incidents as perceived by the user. 



6. A haptic cxoputer output device caiprlslng a menfcer adapted to be 
positioned with one face thereof opposed to the bod/ of a user of the 
ccoputer, said member having in the thickness thereof a blind bore opening 
to said face, the opening of said blind bore being spanned by a menbrane 
of a material more resiliently def ormable than the material of said 
msnfcer, said menbrane being generally flat in the unstressed condition 
thereof, conduit means in said member opening to said bore and valve means 
controlled by the ccoputer whereby gas under pressure may be introduced 
into or relieved from said bore thereby to control tactile sensations 
which will be applied to said user's body by the menbrane when deformed 
by excess gas pressure in said bore* 

7. A device as claimed in claim 6, wherein a plurality of similar blind 
bores, each spanned by a respective menbrane, are provided in respective, 
formations of said menber located thereon in mutually spaced relation and 
arbpt-gH to encircle different areas of the user's bod/, conduit means 
OTnnmicacting with each said bore and the valve means being adapted 
selectively to admit pressurised gas to or to relieve pressurised gas from 
the individual bores under the control of the ccoputer thereby to apply 
different stimuli to different areas of the user's body. 

8. A device as claimed in claim 7, wherein the menber is ad a p te d to fit 
over the back of a hand of the user and has finger portions to extend 
along the backs of the fingers or the fingers and thunb of said hand, at 
least two of said formations being provided in spaced relation on each 
said finger portion. 

9* A device as claimed in claim 8, wherein each said formation is in the 
form of a hoop ccoprising an inner U-shaped caiponent nested in an outer 
U-shaped ccoponent, the cuter U-shaped ccoponent being integral at the 
distal ends of its arms with said menber and the inner ccoponent having an 
aperture in the web portion thereof which cooperates with the outer 
component to provide said blind bore of said formation, the inner 
ccoponent being undercut around the periphery of the aperture to provide 
an annular rebate in which the periphery of the menbrane is seated and 
adhesively bonded to the inner caiponent. 
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10. A device as claimed in claim 9, wherein the inner cccponent is 
additionally foamed with a channel which, in the assenbled condition of 
the two conponents, provides a conduit through the formtion opening at 
one end to the aperture between the mentarane and the outer caiponent, said 
conduit serving to admit pressurised gas to or to relieve pressurised gas 
from the associated bore. 

11. A device as claimed in any one of claims 6 - 10, and apprising means 
to output to the ccnputer signals relating to the spatial position and/or 
shape of the device and wherein the ccnputer controls a display whereby 
said user perceives images generated by the ccnputer including a cursor 
image corresponding to said device, the device being controlled by the 
ccnputer so as to apply to the user's body tactile sensations which 
correspond with the perceived interaction between said cursor image and 
other of said images. 

12* A device as claimed in any one of claims 6 - 11, wherein the member 
is locally at least twice as thick as the or each membrane at the bottom 
of and around the or each blind bore. 

13. A device as claimed in any one of the preceding claims, wherein the 
menber is of a high-tear flexible polyurethane and the or each said 
membrane is a disc of neoprene adhesively bonded at its periphery to the 
material of the menber in the region of the opening of the associated 
blind bore. 

14. A haptic ccnputer output device substantially as hereinbefore 
described with reference to and as shown in the acccnpanying Drawings. 
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